This paper evaluates out-of-sample exchange rate predictability of Taylor rule models for the euro/dollar exchange rate with real-time data before, during, and after the financial crisis of [2008][2009]. While all Taylor rule specifications outperform the random walk with forecasts ending between 2007:Q1 and 2008:Q2, only the specification with both estimated coefficients and the unemployment gap consistently outperforms the random walk from 2007:Q1 through 2012:Q1. Several Taylor rule models that are augmented with credit spreads or financial condition indexes outperform the original Taylor rule models. The performance of the Taylor rule models is superior to the interest rate differentials, monetary, and purchasing power parity models.
Out-of-sample exchange rate forecasting with Taylor rule fundamentals received blogosphere, as well as academic, notice in 2008. On July 28 and September 9, Menzie Chinn posted on Econbrowser a discussion of in-sample estimates of one of the specifications used in an early version of MNP (2011) . 4 On August 17, he posted an article by Michael Rosenberg of Bloomberg, who discussed Taylor rule fundamentals as a foreign currency trading strategy. By December 22, however, optimism had turned to pessimism. Once interest rates hit the zero lower bound, they cannot be lowered further. With zero or near-zero interest rates for Japan and the U.S., and predicted near-zero rates for the U.K. and the Euro Area, the prospects for Taylor rule exchange rate forecasting were bleak. A second theme of the post, however, was that there was nothing particularly promising on the horizon. Going back to the monetary model, even in a regime of quantitative easing, faced doubtful prospects for success. Mishkin (2008) argued that, when a financial disruption occurs, the Fed should cut interest rates to offset the negative effects of financial turmoil on aggregate economic activity. McCully and Toloui (2008) suggested that, because of tightened financial conditions, the Fed needed to lower the policy rate by 100 basis points in early February 2008 in order to keep the neutral rate constant. Meyer (2008) argued that the Taylor rule without considerations of financial conditions could not explain aggressive Fed policy in early 2008. Taylor (2008) proposed adjusting the systematic component of monetary policy by subtracting a smoothed version of the Libor-OIS spread from the interest rate target that would otherwise be determined by deviations of inflation and real GDP from their targets according to the Taylor rule. He argued that such an adjustment, which would have been about 50 basis points in late February 2008, would be a more transparent and predictable response to financial market stress than a purely discretionary adjustment. Curdia and Woodford (2010) modify the Taylor rule with an adjustment for changes in interest rate spreads. Using a Dynamic Stochastic General Equilibrium model with credit frictions, they show that incorporating spreads can improve upon a standard Taylor rule, although the optimal size of the adjustment is smaller than proposed by Taylor and depends on the source of variation in the spreads.
The spread between the euro interbank offer rate (Euribor) and the euro OIS also jumped in This paper investigates out-of-sample exchange rate forecasting during the financial crisis with
Taylor rule-based models that incorporate indicators of financial stress. We start with one-quarter-ahead forecasts and estimate models with core inflation and both the output gap and the unemployment gap for the Taylor rule fundamentals and Taylor rule differentials models. When the Libor-OIS/Euribor-OIS differential is included in the forecasting regression, we call the models spread-adjusted Taylor rule fundamentals and differentials models. According to these models, when the Libor-OIS spread increases, the Fed would be expected to either lower the interest rate or, if it had already attained the zero lower bound, engage in quantitative expansion, depreciating the dollar. When the Euribor-OIS spread increases, the ECB would be expected to react similarly, depreciating the Euro. We therefore use the difference between the Libor-OIS and Euribor-OIS spreads in addition to the difference between the U.S. and Euro Area inflation rates and output gaps for out-of-sample forecasting of the Dollar/Euro exchange rate.
Another widely used credit spread is the Ted spread, the three month Libor/three month Treasury spread for the U.S. and the three month Euribor/three month Treasury spread for the Euro Area. As shown is Figure 1 , the U.S. 
Exchange Rate Forecasting Models
Evaluating exchange rate models out of sample was initiated by Meese and Rogoff (1983) , who could not reject the naïve no-change random walk model in favor of the existent empirical exchange rate models of the 1970s. Starting with Mark (1995) , the focus of the literature shifted towards deriving a set of long-run fundamentals from different models, and then evaluating out-of-sample forecasts based on the difference between the current exchange rate and its long-run value. Engel, Mark, and West (2008) use the interest rate implied by a Taylor rule, and Molodtsova and Papell (2009) use the variables that enter Taylor rules to evaluate exchange rate forecasts.
Taylor Rule Fundamentals Model
We examine the linkage between the exchange rate and a set of variables that arise when central banks set the interest rate according to the Taylor rule. Following Taylor (1993) , the monetary policy rule postulated to be followed by central banks can be specified as
where t i is the target for the short-term nominal interest rate, t π is the inflation rate, π is the target level of inflation, t y is the output gap, the percent deviation of actual real GDP from an estimate of its potential level, and R is the equilibrium level of the real interest rate.
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According to the Taylor rule, the central bank raises the target for the short-term nominal interest rate if inflation rises above its desired level and/or output is above potential output. The target level of the output deviation from its natural rate t y is 0 because, according to the natural rate hypothesis, output cannot permanently exceed potential output. The target level of inflation is positive because it is generally believed that deflation is much worse for an economy than low inflation. The unemployment gap, the difference between the unemployment rate and the natural rate of unemployment, can replace the output gap in Equation (1) as in Blinder and Reis (2005) and Rudebusch (2010) . In that case, the coefficient γ would be negative so that the Fed raises the interest rate when the unemployment rate is below the natural rate of unemployment. Taylor assumed that the output and inflation gaps enter the central bank's reaction function with equal weights of 0.5 and that the equilibrium level of the real interest rate and the inflation target were both equal to 2 percent.
The parameters π and R in equation (1) (2010) shows that the Federal Reserve lowered the interest rate during the financial crisis faster than would be consistent with interest rate smoothing, we do not include lagged interest rates. The real exchange rate is often included in specifications that involve countries other than the U.S. Since there is no evidence that the ECB uses the real exchange rate as a policy objective and inclusion of the real exchange rate worsens exchange rate forecasts in MNP (2011), we do not include it.
Finally, while inflation forecasts are often used on the grounds that Federal Reserve policy is forward looking, there is no publicly available data on Euro Area core inflation forecasts.
To derive the Taylor-rule-based forecasting equation, we construct the implied interest rate differential by subtracting the interest rate reaction function for the Euro Area from that for the U.S.:
where asterisks denote Euro Area variables and α is a constant. It is assumed that the coefficients on inflation and the output gap are the same for the U.S. and the Euro Area, but the inflation targets and equilibrium real interest rates are allowed to differ.
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Based on empirical research on the forward premium and delayed overshooting puzzles by Eichenbaum and Evans (1995) , and Scholl and Uhlig (2008) , and the results in Gourinchas and Tornell (2004) and Bacchetta and van Wincoop (2010) , who show that an increase in the interest rate can cause sustained exchange rate appreciation if investors either systematically underestimate the persistence of interest rate shocks or make infrequent portfolio decisions, we postulate the following exchange rate forecasting equation:
where asterisks denote Euro Area variables, ω is a constant, and π ω , y ω , and s ω are positive coefficients. Alternatively, the unemployment gap differential (with opposite sign) can substitute for the output gap differential in Equation (5). 9 The assumption of equal coefficients is not necessary to produce a forecasting equation, and is made because, in MNP (2010), the results were consistently stronger with homogeneous coefficients than with heterogeneous coefficients. 10 A more extensive discussion of the link between higher inflation and forecasted exchange rate appreciation can be found in Molodtsova and Papell (2009) .
The variable t e is the log of the U.S. dollar nominal exchange rate determined as the domestic price of foreign currency, so that an increase in t e is a depreciation of the dollar. The reversal of the signs of the coefficients between (4) and (5) reflects the presumption that anything that causes the Fed and/or ECB to raise the U.S. interest rate relative to the Euro Area interest rate will cause the dollar to appreciate (a decrease in t e ). Since we do not know by how much a change in the interest rate differential (actual or forecasted) will cause the exchange rate to adjust, we do not have a link between the magnitudes of the coefficients in (4) and (5).
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The difference between the U.S. and Euro Area Ted spreads, Bloomberg FCIs, and OECD FCIs can also be used as the measure of the spread differential. An increase in the U.S. spreads relative to the Euro Area spreads would cause forecasted dollar depreciation. Because the FCIs are constructed so that an increase represents an improvement in financial conditions, the sign of the coefficient on the FCI differentials would be negative so that a relative deterioration in U.S. financial conditions would still lead to forecasted dollar depreciation.
Taylor Rule Differentials Model
Engel, Mark, and West (2008) 
where the constant is equal to zero assuming that the inflation target and equilibrium real interest rate are the same for the U.S. and the Euro Area. Out-of-sample exchange rate forecasting is conducted using single equation and panel error correction models.
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We estimate a variant of the Taylor rule differentials model with two measures of economic activity, OECD estimates of the output gap and the unemployment gap. In order to obtain an implied interest rate differential that corresponds to the implied interest rate differential (6) with the unemployment gap as the measure of real economic activity, we use a coefficient of -1.0. This is consistent with a coefficient of 0.5 on the output gap if the Okun's Law coefficient is 2.0. 11 We postulate the signs of the coefficients in order to link the Taylor rule forecasting equation to the relevant theoretical and empirical literature. In the empirical work below, we do not impose restrictions on the estimated coefficients for any of the models. 12 Whether or not the inflation target and equilibrium real interest rate are the same for the U.S. and the Euro Area is irrelevant because there is a constant in their forecasting equation.
The Taylor rule differential model using Taylor's original coefficients would have a coefficient of 1.5 on the inflation differential, 0.5 on the output gap differential, and would not include the real exchange rate. 13 
where α is a constant.
The implied interest rate differential can be used to construct an exchange rate forecasting equation,
where, as in the Taylor rule fundamentals model, the signs of the coefficients switch and we do not have a link between the magnitudes of the coefficients in (7) and (8) 
where t s and * t s denote the various measures for the U.S. and Euro Area. As with the Taylor rule fundamentals model, the coefficient would be positive for spreads and negative for differentials.
Interest Rate Differentials Model
We postulate the following exchange rate forecasting equation, ) (
where t e is the exchange rate, This is the exchange rate forecasting equation used by Clark and West (2006) . While they did not specify a sign for i ω , their successful results were consistent with a negative coefficient.
Monetary and Purchasing Power Parity Fundamentals Models
Following Mark (1995) , most widely used approach to evaluating exchange rate models out of sample is to represent a change in (the logarithm of) the nominal exchange rate as a function of its deviation from its fundamental value. Thus, the one-period-ahead change in the log exchange rate can be modeled as a function of its current deviation from its fundamental value. The monetary fundamentals model specifies exchange rate behavior in terms of relative demand for and supply of money in the two countries. Assuming purchasing power parity, UIRP, and no rational speculative bubbles, the fundamental value of the exchange rate can be derived.
where t m and t y are the logs of money supply and income in period t; asterisks denote foreign country variables. We construct the monetary fundamentals with a fixed value of the income elasticity, k, which can equal to 0 or 1. We substitute the monetary fundamentals (12) into (11), and use the resultant equation for forecasting.
The Purchasing Power Parity (PPP) fundamentals model postulates that the exchange rate will adjust over time to eliminate deviations from long-run PPP. Under PPP fundamentals, ) (
where t p is the log of the national price level. We substitute the PPP fundamentals (13) into (11), and use the resultant equation for forecasting.
Forecast Comparison Based on MSPE
We are interested in comparing the mean squared prediction errors from two nested models. The benchmark model is a zero mean martingale difference process, while the alternative is a linear model. 
We want to test the null hypothesis that the MSPEs are equal against the alternative that the MSPE of the linear model 2 is smaller than the MSPE of the random walk model 1. Under the null, the population MSPEs are equal. We need to use the sample estimates of the population MSPEs to draw the inference. The procedure introduced by Diebold and Mariano (1995) and West (1996) uses sample MSPEs to construct a t-type statistics, which is assumed to be asymptotically normal.
The ideal test for evaluating exchange rate models out-of-sample does not exist. The null hypothesis for the DMW test is that the MSPE from the random walk model is equal to the MSPE from the linear model, and the alternative hypothesis is the MSPE from the linear model is smaller than the MSPE from the random walk model. Under the null hypothesis of a random walk, however, the MSPE of the linear model will be larger than the MSPE of the random walk model because the parameters, which have no predictive ability by definition, are being estimated. This biases MSPE comparisons towards favoring the random walk model and makes DMW tests undersized, also favoring the random walk model. 15 This is an example of the inappropriate application of MSPE comparisons and DMW tests to nested models, which is relevant because, if the null hypothesis is a random walk and the alternative hypothesis is a linear model, the two models are always nested. Clark and West (2006) propose an adjustment to the DMW statistic, called the CW statistic, which corrects for the size distortions with nested models under the null. For the CW test, the null hypothesis is that the exchange rate follows a random walk while the alternative hypothesis is that the exchange rate can be described by a linear model. An alternative is to use the DMW statistic with bootstrapped critical values. While these are tests of predictability, they are not tests of forecasting ability.
With both statistics, it is possible to reject the random walk null in favor of the linear model alternative even though the MSPE of the random walk is smaller than the MSPE of the linear model. Clark and West (2007) show that, while the CW statistic is asymptotically normal if the parsimonious model is a random walk, it is not asymptotically normal in general. Even in the latter case, they advocate use of the CW statistic based on simulations which show that, for sufficiently large samples, standard normal critical values will provide actual sizes close to the nominal size.
It is important to understand the distinction between predictability and forecasting ability. We use the term "predictability" as a shorthand for "out-of-sample predictability" in the sense used by Clark and West (2006) , rejecting the null of a zero slope in the predictive regression in favor of the alternative of a nonzero slope. The CW methodology tests whether the regression coefficient β is zero rather than whether the sample MSPE from the model-based forecast is smaller than the sample MSPE from the random walk forecast.
One disquieting aspect of both tests is that it is possible to find evidence of predictability when 
Real-Time Data
We use real-time quarterly data from 1999:Q4 Outlook. We use data from the end of the third month of each quarter for these series.
The Bloomberg and OECD FCIs are constructed very differently. The Bloomberg FCI is an equally weighted average of money, bond, and equity market variables, and includes both the Libor-OIS and the Ted spreads. The OECD FCI is also a weighted average of current financial variables, but includes neither the Libor-OIS nor the Ted spreads. The only variable that is included in both indexes is the High Yield/Treasury spread. 
Empirical Results
We evaluate out-of-sample exchange rate forecasting with Taylor rule fundamentals and Taylor rule differentials before, during, and after the financial crisis of [2008] [2009] . For the purpose of comparison, we also evaluate forecasting performance for interest rate, monetary, and PPP specifications.
As discussed in Section 4, we conduct one-quarter-ahead exchange rate forecasts starting at the end of the previous quarter. For example, the forecast for 2008:Q3 predicts the exchange rate change from the end of June to the end of September, using the data on inflation, output gaps, and unemployment gaps that was 
Taylor Rule Fundamentals
Panel A of Table 1 
Taylor Rule Differentials
Following Engel, Mark, and West (2008) 
Credit Spreads
The results of out-of-sample Dollar/Euro exchange rate forecasts when the variables that enter the Taylor Actual and predicted exchange rate changes for the models augmented by credit spreads are illustrated in Panel A of Figure 3 . In order to conserve space, the results are depicted only for one of the most successful specification, the Taylor rule fundamentals model with the unemployment gap. Because of the limited span of the credit spread data, the predicted exchange rate changes with and without the spreads are the same through 2005:Q3. Thereafter, the augmented models with the spreads show much more variability than the original models without the spreads.
Financial Conditions Indexes
The results of out-of-sample exchange rate forecasts when the Taylor show much more variability than the original models without the FCIs.
Original Versus Augmented Taylor Rule Models
We have provided evidence that the null hypothesis of no out-of-sample predictability for the Dollar/Euro exchange rate can be rejected, although not consistently, using the original Taylor The tests with the original Taylor rule differentials model with the output gap as the null and the augmented differentials models as the alternative are presented in Table 7 . While there are some rejections for the Ted spread, Bloomberg FCI, and OECD FCI differentials, they are neither particularly strong nor consistent across forecasts. It is not completely clear to us how these results should be evaluated. In Tables 1 -5 , where the null hypothesis was a random walk, the tests perform very well. The null hypothesis was rejected at the 5 percent level or higher in every case where the MSPE ratio was below one as well as in some cases where the MSPE ratio was greater than one. In Table 7 , where the null hypothesis is not a random walk, the tests did not perform as well. 22 There are a number of cases where the MSPE ratio is below one and the null is not rejected at the 10 percent level, as well as a few cases where the MSPE ratio is above one and the null is rejected. Given the small size of our sample, it is not clear how applicable are the size and power results in Clark and West (2007) . If we adopt a less formal metric and say that we find evidence in favor of the augmented model if either the MSPE ratio is below one or the CW statistic is significant at the 10 percent level, then the results are for the Taylor 
Interest Rate Differentials
The Taylor rule fundamentals and Taylor rule differentials models replace interest rate differentials with either (1) the variables that enter Taylor rules or (2) the interest rates implied by Taylor rules. We now evaluate the performance of out-of-sample exchange rate forecasting using the interest rate differentials themselves.
The results are shown in Table 8 . The MSPE ratio is below one for the forecast intervals ending Prior to the panic phase of the financial crisis, the interest rate differentials model perform about as well as either the Taylor rule fundamentals or the Taylor rule differentials models. This should not be surprising, as this period was the heyday of the carry trade. Once the financial crisis hit and the Fed and ECB lowered interest rates to unprecedented levels for an extended period, both Taylor rule models outperform the interest rate model.
Monetary and PPP Fundamentals
The attainment of the zero lower bound for the federal funds rate for the U. The results for the monetary and PPP models are extremely clear. For all forecast intervals and all specifications, the MSPE ratios are greater than one and the null hypothesis of equal predictability cannot be rejected with the CW test at even the 10 percent significance level. Neither the monetary nor the PPP models provide any evidence whatsoever against the random walk. 
Conclusions
Interest rate setting for the Fed and ECB through 
